Synthesis and fluorine-mediated interactions in methanol-encapsulated solid state self-assembly of an isatin-thiazoline hybrid. Journal of Molecular Structure, Elsevier, 2015, 1098, pp.124-129. 10.1016/j.molstruc.2015 M A N U S C R I P T A C C E P T E D To the best of our knowledge, this is the first example of solid state fluorine-mediated C-H F, F S and F interactions found in a family of isatin-based compounds.
Introduction
Weaker hydrogen bonds of the C-H···X-C type play an important role in the stabilization of crystal structures. Hence, the C-H···O, C-H···N, and C-H···Cl hydrogen bonds have increasingly been used in crystal engineering [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . However, the interactions involving "organic fluorine" i.e. C-H···F interactions have always been a controversial subject in contemporary research and their nature still remains obscure [12] [13] [14] [15] [16] [17] . According to Pauling's definition of the hydrogen bond, F atom should be a stronger hydrogen bond acceptor than O and N atoms due to its high electronegativity [18] . But practically, it does not form hydrogen bonds commensurate with electronegativity considerations and has been considered as a very poor acceptor in supramolecular chemistry [14] . Recently, this interaction was evaluated by ab initio calculations and found to be much more important in defining the crystal packing than portrayed earlier [19] .
In addition to C-H···F interactions, F···X (X=S, ) interactions are the other relatively weak interactions that have recently been recognized in organic fluorinated molecules [20] [21] [22] [23] [24] . It is now well-established that drug molecules containing one or more fluorine atoms show superior biological properties as compared to their non-fluorinated analogues perhaps due to better interactions with the receptor sites in our body [25] . Because of its small size, fluorine is also an ideal substituent where change in the electronic properties of the molecules is needed without affecting the steric environment. Furthermore, its lipophilic character also plays an important role in increasing the bioavailability of fluorinated drug molecules [26] . Therefore, more efforts are necessary for appropriate understanding of the intermolecular interactions offered by the fluorine atom.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Isatin (indole-1H-2,3-dione) is undoubtedly a privileged scaffold for chemical modification due to its presence in a number of naturally occurring substances [27, 28] . Although, a number of its derivatives have been prepared through electrophilic aromatic substitution at positions C-5 and C-7 of the phenyl ring and by N-substitution, but the most important and fascinating site for the purpose is C-3 carbonyl group due to its high reactivity with various nucleophiles. It generally undergoes nucleophilic addition or spiroannulation at this position, providing a broad range of 2-oxindole derivatives of immense biological importance [27, 28] . Furthermore, isatin is structurally an ideal candidate to serve as a highly variable tecton for the construction of supramolecular assemblies due to its remarkable hydrogen bond donor/acceptor abilities and a relatively large molecular dipole moment [29] [30] [31] . Keeping this in view, we very recently reported the synthesis and solid state self-assembly of 5-fluoroisatin-based hybrid molecule 1, where no intermolecular interactions were observed for fluoro substituent in the presence of N-H···O, C-H···O, C-H···N, C-H··· , ··· , C-H···Cl interactions [32] . This observation and our continuous interest in supramolecular self-assemblies [33] [34] [35] [36] [37] [38] [39] increased our curiosity and prompted us to introduce 4-fluoro group as a substitute to 3-methoxy on the central N-aryl ring of the rigid core of isatin-thiazoline hybrid 1 to explore the existence of fluorine-mediated interactions in isatin-based compounds. Pleasingly, the approach remained successful and herein, we report the synthesis and methanol-encapsulated layered assembly of isatin-thiazoline hybrid 2 with unprecedented C-H···F, F···S and F··· interactions in a vast library of isatin-based compounds. In addition, this also represents one of the rare examples of fluorine-mediated interactions found in the presence of other strong non-covalent interactions reported so far [40] [41] [42] .
Experimental

Materials and Methods
All regents and solvents were used as obtained from the supplier or recrystallized or redistilled as necessary. Thin layer chromatography (TLC) using glass plates coated with Silica gel 60 GF 254 (E.Marck) was performed to check the progress of the reaction and the purity of the product. The spots were visualized under ultraviolet light at 254 and 366 nm and / or spraying with iodine vapours. Melting point was taken on a Fisher-Johns melting point apparatus and is uncorrected.
Elemental analysis was performed on a Leco CHNS-9320 elemental analyzer. Infrared spectrum (KBr disk) was run on Shimadzu 8400.
1 H-NMR spectrum was recorded in C 2 D 6 SO on Bruker (Rhenistentten-Forchheim, Germany) AM 300 spectrometer operating at 300 MHz, using TMS as an internal standard. 1 H chemical shifts are reported in (ppm) and coupling constants in Hz.
Mass spectrum was recorded on agilent 6310 ion trap LC/MS mass spectrometer. Thorough washing with hot aqueous EtOH (50%) afforded the desired thiosemicabazone, which was used as such without further purification [43] . 
Procedure for the preparation of (3Z)-5-fluoro-1H-indole-2,3-dione 3-{[(2Z)-4-(4-
chlorophenyl
Crystallographic data collection and structure refinements
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Suitable X-ray quality crystals of compound 2 were obtained by slow evaporation of its solution in dichloromethane-methanol solvent mixture at ambient temperature. Single crystal X-ray structural studies of 2 were performed on a CCD Oxford Diffraction XcaliburSaphir 3 diffractometer, employing graphite-monochromated Mo-K radiation generated from a finefocus sealed tube ( = 0.71073Å) at 150(2) K. Data collection strategy was evaluated by using the CrysAlisPro CCD software. Collections of data were observed by the standard scan techniques and were scaled and reduced using CrysAlisPro RED software. The structure was solved by direct methods using SIR-97 [44] and refined by least-squares methods on F2 using SHELXL-97 [45] . The positions of all the atoms were obtained by direct methods. Anisotropic thermal parameters were assigned to all non-hydrogen atoms and the remaining hydrogen atoms were placed in geometrically constrained positions and refined as riding atoms with a common fixed isotropic thermal parameter. The drawing of the complex was realized with PLATON [46] .
A summary of the selected crystallographic information is given in Table 1 . Table 1 . Crystal data and structure refinement for 2 
Conclusions
In summary, we have synthesized an interesting isatin-thiazoline hybrid molecule 2 and studied its solid state self-assembling behaviour by X-ray crystallography. A multi-layered methanol encapsulated network assembly, which is composed of various 1D-chains, has been observed. F···S and F··· , which were not only absent in our previously reported isatin-thiazoline hybrid 1 but also, to the best of our knowledge, never reported earlier in the family of isatin-based compounds by other workers. As illustrated in the present example and also revealed from our previous study and the literature survey, fluorine-mediated interactions may occur even in the presence of other strong non-covalent interactions but it depends largely on the geometry of the molecules. Furthermore, they are not very weak interactions (C-H···F = 2.597 Å) and may have significant ability to direct the molecular packing, which highlights their much larger role in the crystal packing than anticipated so far [47] . The general perception that organic fluorine hardly ever accepts hydrogen bond [14] has been found to gradually change during the past two decades and its structure directing role is now recognized [16] . However, to understand its role in biology and use as a reliable synthon in crystal engineering still needs more research . 
Research Highlights:
An isatin-thiazoline hybrid molecule having -C=N-N=C-linkage has been synthesized.
Solid state self-assembly was studied by X-ray crystallographic technique.
A bi-chain sandwich like structure with methanol molecules encapsulated between every two chains is obtained.
Fluorine-mediated interactions are involved in the stabilization of this assembly.
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